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ABSTRACT 

1. INTRODUCTION 

The  radiometer  integrating  circuit  is  one  portion of tlle 
Weather Bureau  Digital  Data System in  operation :lt the 
Weather Bureau Research Station at  the,  Stttiorlal Reactor 
Test'ing Station, Idaho. C'onsidernble thought was givctl 
to the  met'hod of integration  in  writing the tlesign spccifi- 
clrt'ions and  requirements  needed  in n ~llcteorological 
digit'al data  systenl. The two  prirlcipd  types ol intcgm- 
tors [ I ] ,  mechanic:d (specific.al1~- ball : t r t t l  disc. integrators) 
and electronic  amplifiers, were considered.  llecI1anici~l 
int'egrators  were  considered  inferior to electronic  integra- 
tors with  respect to lire espectnnc?- ant1 reliability for 
int'egrating rapidly  wrying sign&. HOTWVC~, t he  a c ( w -  
racy of operational :unplifiers is known  to decwwse with 
the timc-period of integration :md drift  is d s o  ?I factor [2]. 
The problelrl was resolved when performance checks of 
chopper-stabilized operational  amplifiers,  l1otlcl :312O, 
commercially available from Donrler Scientific. C'ompm~-, 
indicat'ed high  nccuracy up to a 1-hour  period ;mtl little 
drift for  several ~veeks. These  amplifiers ett1p10)- higlt 
forward gain  pcrnlittirlg  considerablc c>lp:lcait:ince f c c d -  
back with precision resistor  input. 

The overall  digital system involves the 1r1emure111cnt, 
integration, and  recording on punclled paper tape a n t 1  

electric typewriter of tlle  following meteorologicd qu:in- 
tities:  (a) one  tempertLturc; (h) two temperature differ- 
ences; (c) one solar  and  terrestrial  rdiation; (tl) one 
dewpoint; (e) two  wind  speeds and directions  in vector 
form; (f) t'hree  vertical  winds. 

Mr. Ricllard  Fratlella,  Project Engineer for  United 
Electro-Dynamics Inc. ,  Pasadena,  ('alif., cleveloped the 
system according t,o the US .  Weather B U W ~ L I  require- 
ments and specifications. In  the following  sections  the 
performance of tlle solar  and  terrestrial  radiation  intc- 
gration and  recording  s-stem is discussed. 

I The work descr ihd  in this  paper is supported hy an  agreement wi th  tlw l k w t o r  
Development Division, r . S .  Atomic Energy Comn!ission. 

2. RADIATION  INTEGRATION  CIRCUIT 

The  output' of the racliomet'cr  is integrated up to  60- 
min.  periods.  Ambient  ternperat~ure effects are c o ~ n -  
perlsated by coupling t,llis integrat,or channel to the 
ambient  temperature signal. T h e  selcct'ion of component 
values  was ~ n a d c  from t.he following consiclerat'iorrs. 

The  Beckman  and  Whitley N18841 Thermal  Radi- 
ometer  calibration  curve (fig. 1) with F ,  vs.  temperature 
can bc transformed  to 1 I F t  vs. temperature. Bet<weerl 
the  ternperaturcs "35°F. and llO"F., this  transforrna- 
tion  yields a straight  line  rclationsllip  wit,h  conformity 
better  tlmn 1 percent.  Beckman  and  Whitley  stated 
that  the  calibration  factor  varies a smdl  amount from 
instrunlent  to  instrutllent,  but  averages  about 0.10 
grn.-cal.  cnl.-2  lnin.-l t r I v . - l  D(' amplifiers  are used as 
standard  equipment  in analog cornput'ers to perform 
the  ~nat~henlatical  operations of addition,  subt'raction, 
intcgration, and multiplication.  These  operations  are 
performed by associating  precision  resistors,  capacitors, 
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FIGURE 1.-Temperature  dependency of radiometer  calibration. 
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FIGURE 2.-Functional schematic  diagram of radiomet>er  irltegra- 
tor. Resistances in the  circuits  are  given  in kilo-ohms. 

and  potentionleters wit,li the  basic DC amplifier  as de- 
scribed  below. 

Wit'h t'lle  selection of a 2-pf. integrating  capacitor, 
the temperat~ure-conlpcr1sating resistor It,o (see fig. 2) 
and t'he fixed series  resistor I t  should be selected so that 
the  operational  amplifier  output  is less than 100 polts 
aft,er 60 min.  with a 15  mv.  radiometer  out'put. TVr 
can  writ'e 

where 

C= 2pf. (feedback  capacitor) 
ER,=operat'ional  amplifier  output voltage 
ER,=radiornet'er  output  voltage 

R=a fixed  series  resistor  (value to be  det'errnined) 

T,=anlbient  temperature ("I?.) 
ReB( T,)=ambient  t'ernperature  compensating  resistance 

t= time 
If 

(.015 v.)(3600 sec.) <loov. 
PPf.)R(Tl) 

then 
I?( T1)>0.3  mrgaohm 

It can  be seen that  the ternperat'ure effect on F ,  can 
be nullified by making R( T,) =const./F,,  and from t,he 
graph of F ,  vs.  tentperat'ure, where TI can vary fro111 
" 3 5 "  to  +IlO"F., 

We can  now  select RGB (total  resistance)  torbe ar75 kilo- 
ohm pot  with 356" mechanical  rotation.  Note t'hat fro111 
-35" to  +IlO"F.  the  rotation will be 350 mechanical 
degrees. So, 

EXeB(tot:d)=0.227/t=73.72 kilo-ohms 
356 

Then 
R=324 kilo-ohms 

With  computing elenlcrlts C, zt, ROB select,ed  to sep- 
arate ambient  t.emperaturc T,  lro~rl the  radiation channel 
int'egration  output,  and  wit'h  the  operational amplifier 
working  in  its  optinlurn  output volt'age  range,  its out,put 
is linearly  scaled b?- a voltago diviclrr to yield t'he recorded 
-12 to 90 grn.-cal. cm" 1 n - l  range  aft'cr a 60-min. 
integration. 

3. RESULTS 

Altcr S ~l lont~hs of continuous  recording of parallel 
inputs frorll the  radionleter  on a Brown  Elect'ronik  Ship 
('hart Recortlcr with 4-sec. pen sprcd response  and the 
1T.S. F e x t h r r  Bureau Digital  Data  Syst'enl,  the data 
were co~nparetl. 

'I'hc digital system gives an integrated  readout on the 
Itour; this  valuc  is rounded to  tlle  nearest'  langley. The 
strip chart record is read manually  by technicians and 
integrated over the hour,  antl  ternpcraturr  and calibra- 
tion corrections arc applied to the record thus giving a 
langle~~  readout '  for the same hour. The t'wo different 
itltcgrating and readout  techniques  have been compared 
antl g raph  drawn. A few of these  graphs  are shown for 
diffcmnt  situations. 

Figure 3 shows  the  results on October 4, 1961, a t,yp- 
ical day  with high  scattered  clouds and winds south- 
westerly 6-10 n1.p.h. This  wind tlirect'ion  is  along the 
ventilation flow over tlle  radiornet'cr. As shown, the corn- 
parison is very good; also the  actual record of figure 4 
is onc that' is very  easy  to  integrat'e  rnanually  and read. 

Figure 5 shows t'he  results  on  October 6, 1961, a cloudy 
day with  middle and low  broken  clouds ant1 winds sout'h- 
westerly 25-35 nl.p.11. This  graph  shows  t'hat the oper- 
ational  amplifier  type  integrat'ion  is  very good. It 
compares  quite favorably to the  analog t'race as seen 
in figure 6. 

Figure 7 shows the  results on August  3,  1961, a, day of 
light  northerly  winds 3-6 m.p.11. These  winds were buck- 
ing  the  norrnal  aspirated flow of t'he  radiometer. The 
analog  trace  in  figure 8 shows  short'  periods of pen excur- 
sions (up scale) due to the  bucking effect of the wind. 
These  are  low  total  energy  excursions,  which seem very 
much amplified due to  great  portions of ink  above the 
t,race  along  with  the  pen  width.  The  digit'al system shows 
t,llcse  excursions as being of short  duration. 

With  strong  winds 20-25 rn.p.11. bucking  the  radiometer 
plate  the  t'race  looks  entirely  different.  One  doesn't see 
the low  energy  excursions that  are caused by low wind 
speeds, but  rather a rlorrnal t'race as shown  in  figure  9 for 
Kovernber 16, 1961  when  winds were northeast'erly 20-28 
n1.p.h. With  st'rong  winds t'he bucking effect  is negligible 
because of aspiration by excessive  wind speed. 
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FIGURE 3.-Digitally integrated  hourly  radiat,ion  versus r n a n t d  integration of chart,  record  for a day  with  high  scattered clouds, October 

4, 1961. 

FIGURE 4."Bndog  chart  record of radiometer  signal for a day  with  high  scattered  clouds,  October 4, 1961. 
6-IS!3SS-O'"--?, 
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When the system was originally  inst'alled it was believed Figure 8 is also typical  for a low-and-middle-broken- 
t'hat the  integrator  would  integrate  thesc  low t,ot'al energy cloudy  day in which the chart is somewhat difficult to 
signals and thus  be  in  error.  Cornparisions of many days average by eyc. A cornparision of the digit'ally  integrat'ed 
have  shown that  the  bucking effect due  to low  northcrly vulues with those read by four t'echnicians is plotted in 
wind speeds is  negligible in  the  int'egration. figure 7. 
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FIGURE 7.-Digitally integrated hourly radiation  versus 111anuul integration of chart  record  for a day  with  broken  cloud  cover  and  light 
winds  bucking the normal rxdionwtrr  vrntilation, Sugust 3, 1861. 

FIGURE 8.-Analog chart  record of radiometer  signal for a day with  broken cloud cover  and  light  winds  bucking  the  normal  radiometer 
ventilation,  August 3, 1961. 
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FIGURE 9"Analog  chart  record of radiometer signal with strong  winds buckilrg the normal r:tdiomettlr vrntilation, November 16, 1961 

The  error of t'he  integrating  and  digitizing  equipment is 
less than 2 percent of full  scale for a BO-rnin. integration 
period with inputs  between 15 percent  and 100 percent of' 
full scale. 

Jt is recommended that  this t'ecllnique of int,egration be 
incorporated  in  general Weat'ller Bureau  solar and terres- 
trial  radiat'ion syst'ems. 
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